Introduction {#S1}
============

Melanoma is the deadliest form of skin cancer and the number of new cases of melanoma increases every year. Advanced melanoma is associated with resistance to conventional chemotherapies, and the 5-year survival rate for patients with metastatic melanoma remains low. In 50--60% of melanomas, mutations in the B-RAF serine-threonine kinase activate the MEK-ERK1/2 pathway ([@R6]). The most common mutation in B-RAF is a V600E substitution in the activation domain that causes its kinase function to remain constitutively active ([@R6]). Overwhelming evidence shows that B-RAF^V600E^ is a driver mutation that promotes melanoma growth and survival ([@R8]). However, the presence of B-RAF mutations in the vast majority of benign nevi indicates that B-RAF^V600E^ is not sufficient for malignant progression ([@R18]; [@R22]).

PLX4032/RG7204 (now known as Vemurafenib) was identified as a potent and selective chemical inhibitor of mutant B-RAF signaling ([@R4]). Recent phase 1--3 trials with PLX4032 demonstrated that the majority of melanoma patients, selected for mutant B-RAF positivity, show tumor regression ([@R5]; [@R9]; [@R23]). The phase 3 trial in previously untreated patients additionally showed improved overall survival and progression free survival ([@R5]). However, the tumor regression of most patients was only temporary and the length of tumor-free survival while on PLX4032 averaged around seven months ([@R9]; [@R26]). Additionally, 19--52 % of patients in the phase 1--3 trials did not show tumor regression by RECIST criteria ([@R5]; [@R9]; [@R23]). These results indicate that in order to improve the current clinical treatment of mutant B-RAF melanomas, intrinsic and acquired resistance should be addressed.

Previous data has associated the presence of stem cell-like subpopulations with chemotherapeutic resistance of many cancers ([@R7]; [@R15]). FOXD3 (formerly Genesis/HFH2) is a member of the Forkhead box (FOX) transcription factor family ([@R27]). FOXD3 is important for maintaining the pluripotency and self-renewal of embryonic stem cells ([@R10]; [@R17]), perhaps in part through regulation of Nanog and Oct4 ([@R21]). In the developing neural crest, Foxd3 is required for the maintenance of cells and regulates lineage specification ([@R19]; [@R28]; [@R29]). Previous work from our laboratory has shown that FOXD3 expression is up-regulated following inhibition of mutant B-RAF-MEK signaling in mutant B-RAF melanoma cells ([@R1]). Here, we show that the up-regulation of FOXD3 after treatment with PLX4032 or its non-clinical grade analog, PLX4720, provides resistance to cell death in mutant B-RAF melanoma cells.

Results {#S2}
=======

FOXD3 is basally expressed in a subset of mutant B-RAF melanomas {#S3}
----------------------------------------------------------------

We have previously shown that FOXD3 is dramatically up-regulated following inhibition of the B-RAF-MEK signaling pathway in mutant B-RAF melanoma cells ([@R1]). FOXD3 up-regulation occurred at the mRNA level following B-RAF depletion/inhibition in multiple cell lines ([@R1] and data not shown). While basal FOXD3 expression was poorly detectable in the majority of melanoma cell lines, FOXD3 was detected in a subset, specifically: WM115, 1205Lu and A375 cells ([Figure 1a](#F1){ref-type="fig"}). Basal FOXD3 expression in these cells was comparable to the PLX4720-induced level in low expressing lines such as WM793 cells ([Figure 1b](#F1){ref-type="fig"}, left panel). We analyzed FOXD3 induction in WM115, 1205Lu and A375 cells following inhibition of mutant B-RAF signaling using PLX4720, the non-clinical sister compound of PLX4032. PLX4720 acts in a manner that is indistinguishable from PLX4032 ([@R4]; [@R14]; [@R30]). In WM115, 1205Lu and A375 cells, PLX4720 treatment induced additional expression of FOXD3 ([Figure 1b](#F1){ref-type="fig"}, right panel). In summary, a subset of mutant B-RAF melanoma cells basally express FOXD3, which is further induced following B-RAF inhibition.

FOXD3 provides resistance to the RAF inhibitors, PLX4720 and PLX4032 {#S4}
--------------------------------------------------------------------

Since FOXD3 is a marker for embryonic stem cells ([@R27]) and due to links between cancer stem cells and drug resistance ([@R7]; [@R15]), we postulated that FOXD3 expression may protect melanoma cells from chemotherapeutics. We focused on RAF inhibitors, as the clinical benefit elicited by PLX4032 is being hampered by acquired resistance ([@R4]; [@R9]; [@R26]) and FOXD3 is up-regulated in response to B-RAF inhibition. To investigate the role of FOXD3 in PLX4720 resistance, we efficiently knocked down FOXD3 in mutant B-RAF melanoma cell lines, 1205Lu and WM115 ([Figures 2a and b](#F2){ref-type="fig"}). PhosphoERK1/2 inhibition by PLX4720 was equivalent between control and FOXD3 knockdowns suggesting no dramatic alterations in drug efflux following FOXD3 knockdown. Knockdown of basal FOXD3 expression only slightly enhanced cell death in 1205Lu and WM115 cells; however, knockdown of induced FOXD3 rendered both cell lines dramatically susceptible to PLX4720 treatment based on increased Annexin V staining ([Figures 2c and d](#F2){ref-type="fig"}). This effect was observed with multiple independent siRNAs to FOXD3, arguing against off-target effects. Increased cleaved caspase 3 was also observed in FOXD3-deficient cells treated with PLX4720 ([Supplementary Figure 1](#SD1){ref-type="supplementary-material"}). Similar to PLX4720, FOXD3 knockdown also enhanced cell death after treatment with the clinical grade compound, PLX4032 ([Supplementary Figures 2a and b](#SD1){ref-type="supplementary-material"}). Surprisingly, FOXD3 knockdown only marginally enhanced the cytotoxic actions of a distinct RAF inhibitor, GDC0879 ([@R12]) and the MEK inhibitor, U0126, despite increased expression of FOXD3. ([Supplementary Figures 2c and d](#SD1){ref-type="supplementary-material"}). No enhancement of annexin V staining was observed following FOXD3 knockdown in combination with the topoisomerase II inhibitor, etoposide. Thus, the effects of FOXD3 cannot be generalized to other chemotherapeutics. In summary, FOXD3 depletion renders melanoma cells sensitive to PLX4720/4032-induced cell death.

FOXD3 expression is sufficient to promote resistance to PLX4720-induced cell death {#S5}
----------------------------------------------------------------------------------

Low FOXD3 expressing lines, such as WM793 and WM278 cells, are partially sensitive to cell death in adherent cultures but dramatically susceptible to PLX4720 in suspension and 3-D collagen ([@R24]). We observed that non-adherent WM793 cells treated with PLX4720 failed to efficiently induce FOXD3 expression, in the same conditions that a distinct B-RAF effector, such as p27^Kip1^, still showed equivalent increases ([Figure 3a](#F3){ref-type="fig"}, left panels). WM115 cells, which are more resistant to PLX4720-induced cell death compared to WM793 cells ([Figure 3b](#F3){ref-type="fig"}), displayed adhesion regulation of FOXD3 expression but importantly retained detectable expression of FOXD3 in PLX4720-treated non-adherent cultures ([Figure 3a](#F3){ref-type="fig"}, right panels).

Next, we tested whether FOXD3 expression was sufficient to promote resistance to PLX4720. In these experiments, we utilized WM793TR-FOXD3 cells, in which FOXD3 expression could be induced in PLX4720-treated non-adherent cells ([Figure 3c](#F3){ref-type="fig"}). As in parental cells, PLX4720 treatment enhanced annexin V staining in non-induced WM793TR-FOXD3 cells and in both non-induced and induced WM793TR-LacZ control cells. Importantly, expression of FOXD3 significantly protected against PLX4720-induced cell death in non-adherent conditions ([Figure 3d](#F3){ref-type="fig"}). Expression of FOXD3 did not alter the ability of PLX4720 to inhibit phosphoERK1/2, again arguing against alterations of drug efflux ([Figure 3c](#F3){ref-type="fig"}). These data suggest that FOXD3 expression provides protection against acute cell death caused by PLX4720 treatment.

PLX4720 causes increased mitochondrial membrane depolarization in FOXD3-deficient cells {#S6}
---------------------------------------------------------------------------------------

Previous data has shown that melanoma cells undergo cell death after inhibition of ERK1/2 signaling that is dependent on mitochondrial membrane depolarization ([@R33]). Therefore, we determined whether FOXD3-deficient cells showed changes in mitochondrial membrane stability after PLX4720 treatment. Using multiple, independent siRNA sequences, knockdown of FOXD3 caused a dramatic increase in mitochondrial membrane depolarization after PLX4720 treatment in both 1205Lu and WM115 cells ([Figures 4a and b](#F4){ref-type="fig"}). Additionally, ectopic expression of FOXD3 decreased mitochondrial membrane depolarization after PLX4720 treatment ([Supplementary Figures 3a and b](#SD1){ref-type="supplementary-material"}). This demonstrates that cell death of FOXD3-deficient cells in response to PLX4720 treatment is accompanied by a decrease in mitochondrial membrane integrity.

FOXD3 does not alter the expression of Bim-EL or Bmf after PLX4720 treatment {#S7}
----------------------------------------------------------------------------

Cell death after ERK1/2 inhibition is dependent on changes in the expression of Bcl-2 family member proteins such as increased Bim-EL and Bmf expression and decreased Mcl-1 expression ([@R24]; [@R33]). Increased mitochondrial membrane depolarization in FOXD3-deficient cells did not correlate with increased PLX4720-induced changes in the expression of Bim-EL and Bmf ([Figures 5a and b](#F5){ref-type="fig"}), consistent with the notion that FOXD3 depletion doesn't potentiate inhibition of MEK-ERK1/2 signaling. Further analysis did not identify any consistent difference in the expression of other Bcl-2 family members (Mcl-1, Bcl-2, Bcl-XL, survivin, puma, noxa, Bid, Bnip3 or Bip) between FOXD3-expressing cells and FOXD3-deficient cells after PLX4720 treatment (data not shown). Additionally, ectopic expression of Mcl-1 was unable to fully rescue the increased cell death of FOXD3-deficient cells treated with PLX4720 ([Supplementary Figures 4a and b](#SD1){ref-type="supplementary-material"}). In summary, FOXD3 provides resistance to mitochondrial membrane depolarization independent of changes in Bim-EL, Bmf or Mcl-1 expression.

FOXD3-deficient cells have a decreased ability to develop long-term resistance to PLX4720 {#S8}
-----------------------------------------------------------------------------------------

Our data show that FOXD3-deficient cells display high levels of cell death after short-term exposure (48 hr) to PLX4720 ([Figures 2c and d](#F2){ref-type="fig"}). Since most patients in the PLX4032 clinical trials develop resistance after long-term exposure, we determined the effect of FOXD3 knockdown in the presence of chronic exposure to PLX4720. Control siRNA transfected cells showed initial survival against PLX4720 that was maintained through 28 days of treatment. However, cells that were initially depleted of FOXD3 had a decreased ability to establish PLX4720-resistant colonies ([Figures 6a and b](#F6){ref-type="fig"}). This demonstrates that preventing FOXD3 up-regulation decreases long-term resistance to PLX4720.

Discussion {#S9}
==========

It is hypothesized that subpopulations of tumor cells, termed cancer stem cells, may have inherent chemotherapeutic resistance ([@R7]; [@R15]). Our data indicate that the stemness factor, FOXD3, promotes melanoma cell resistance to a clinically relevant RAF inhibitor. FOXD3 is up-regulated following inhibition of the B-RAF/MEK/ERK1/2 pathway selectively in mutant B-RAF melanoma cell types ([@R1]). Thus, FOXD3 up-regulation may be an adaptive response to B-RAF inhibition. Melanoma cells are well known for their plasticity ([@R11]). Recently, Sharma *et al.* have suggested that tumor cells have the potential to convert to a transient, drug-tolerant state that allows subpopulations of cells to maintain viability after a potentially lethal stimulus ([@R25]). Notably the transient nature of this tolerant state is predicted to result in additional tumor cell death following further rounds of treatment with intervening "drug holidays". In their studies, drug tolerance was mediated by enhanced signaling via IGF-1R and by enhanced expression of the histone demethylase, JARID1a ([@R25]). FOXD3 may play a role in opposing the formation of active chromatin structures in pluripotent cells ([@R16]). Furthermore, FOXD3 up-regulation was reversible following removal of PLX4720 (data not shown), similar to the drug tolerant state in the Sharma *et al.* study. Together these studies indicate that an adaptive chromatin regulation response to targeted therapies that may contribute ultimately to the acquisition of a resistant state.

The acquisition of a drug tolerant state is thought to provide a time window for secondary genetic events that provide permanent resistance. Recent studies have uncovered some of the mechanisms associated with acquired resistance to PLX4032 ([@R2]). In one study, secondary mutations in N-RAS were detected in two relapsing metastases from the same patient ([@R20]). Supporting evidence in cultured cell systems demonstrated that expression of N-RAS in mutant B-RAF melanoma cells was sufficient to nullify the inhibitory effect of PLX4032 on the ERK1/2 pathway and cell growth ([@R20]). Studies from the Garraway group indicate that up-regulation of the MAP3K, Cot1, and acquired mutation in MEK1 provide other routes to promote re-activation of the ERK1/2 pathway in relapsing tumors ([@R13]; [@R32]). ERK1/2-independent resistance mechanisms have also been proposed. PDGFRβ was up-regulated in relapsing tumors from four out of eleven PLX4032-treated patients and PDGFRβ knockdown induced cell cycle arrest and/or apoptosis in cell lines that have acquired resistance to PLX4032 in culture ([@R20]). PLX4032 resistant lines with up-regulated expression of PDGFRβ were resistant to MEK inhibitors. An additional study from the Herlyn group has implicated up-regulation of IGF-1R and activation of the Akt pathway in acquired resistance to PLX4032 ([@R31]). These data are consistent with our previous findings that constitutive Akt3 activity counteracts PLX4720-induced apoptosis in melanoma cells ([@R24]). Together, these data indicate that FOXD3 may promote a transient resistant state that is superseded by permanent resistant mechanisms such as secondary mutations in N-RAS or MEK1, up-regulation of MAP3Ks and up-regulation of receptor tyrosine kinases.

Loss of ERK1/2 signaling in melanoma cells leads to up-regulation of pro-apoptotic BH3-only domain proteins including Bim-EL and Bmf ([@R24]). However, Bim-EL and Bmf up-regulation in FOXD3-deficient cells following PLX4720 treatment is comparable to the up-regulation observed in control cells, consistent with FOXD3-mediated effects being independent of the ERK1/2 activation status and FOXD3 depletion not affecting drug efflux. Therefore, FOXD3 up-regulation after treatment with RAF inhibitors may permit the survival of melanoma cells despite strong pro-apoptotic signaling. FOXD3 knockdown rendered cells highly sensitive to PLX4720 and PLX4032 but surprisingly less sensitive to the RAF inhibitor GDC0879, the MEK inhibitor U1026, and B-RAF depletion ([Supplementary figure 2](#SD1){ref-type="supplementary-material"} and data not shown). It is currently unclear if this is due to a more selective nature of PLX4720/4032 towards mutant B-RAF or whether PLX4720/4032 are targeting additional kinases. With regard to the latter, PLX4720 and PLX4032 inhibit with several kinases, for example protein tyrosine kinase 6 (PTK6, BRK), at nanomolar IC~50~ values in vitro ([@R4] and [@R30]). Thus, it is possible that additional PLX4720/4032 target inhibition may cooperate with ERK1/2-dependent increases in BH3-only proteins to promote pro-apoptotic effects.

Regardless of the mechanism of FOXD3 action, our studies indicate that quantifying FOXD3 basal expression and PLX4032-induced up-regulation of FOXD3 in patients may be a correlate for disease-free survival benefit with this drug. We also show that up-regulation of FOXD3 following treatment with PLX4720 is attenuated following loss of adhesion to the extracellular matrix. Adhesion-dependent FOXD3 up-regulation correlates with enhanced cell death susceptibility following B-RAF inhibition. It is therefore possible that blockade of signals from the extracellular matrix through treatment with integrin inhibitors may offer a benefit as a combination therapy with PLX4032.

Materials and Methods {#S10}
=====================

Cell culture {#S11}
------------

Human melanoma cell lines, WM793, WM115, and 1205Lu, were kindly donated by Dr. Meenhard Herlyn (Wistar Institute, Philadelphia, PA). A375 cells were purchased from the American Type Culture Collection. WM793TR-FOXD3 cells have been reported previously ([@R1]) and FOXD3 expression was induced by the addition of 100 ng/ml doxycycline to the medium. All cells were cultured, as previously described ([@R1]). The B-RAF mutational status of all cell lines has been verified by DNA sequencing. For cell suspension assays, cells were replated onto dishes coated with bactoagar (2%). Cells were then processed for Western blot analysis or cell death assays after the indicated time.

Western blotting {#S12}
----------------

Western blotting was done as previously described ([@R3]). The following antibodies were utilized: anti-phosphoERK1/2 (Thr202/Tyr204, \#4377; Cell Signaling Technology, Beverley, MA); anti-actin (\#A2066, Sigma-Aldrich, St. Louis, MO); anti-FOXD3 (Poly6317, BioLegend, San Diego, CA); anti-ERK2 (DV-154, Santa-Cruz Biotech, Santa Cruz, CA); anti-β-galactosidase (Z378A, Promega, Madison, WI); anti-p27^Kip1^ (\#610241, BD Biosciences, San Jose, CA); and anti-Bim-EL (ADI-AAP-330, Enzo Life Sciences, Plymouth Meeting, PA). Signal was detected using peroxidase-conjugated secondary antibody followed by development using chemiluminescence substrate (Pierce, Rockford, IL) and a Versadoc Imaging system equipped with Quantity-One software (Bio-Rad, Hercules, CA).

siRNA transfections {#S13}
-------------------

Cells were transfected with siRNAs at a final concentration of 25 nmol/L using Lipofectamine RNAiMAX (Invitrogen, Carlsbad, CA). Non-targeting control (UGGUUUACAUGUCGACUAA), FOXD3 \#2 (ACGACGGGCUGGAAGAGAA), FOXD3 \#5 (AGACGGCGCUCAUGAUGCA), and FOXD3 \#18 (GCAAUAGGGACGCGCCAAU) siRNAs were purchased from Dharmacon (Lafayette, CO).

Cell death assays {#S14}
-----------------

Analysis of Annexin V staining (BD Biosciences, San Jose, CA) was performed as previously described ([@R24]). Staining was measured by flow cytometry on the FACS Calibur (BD Biosciences), and data were analyzed using Flowjo software (Three Star, Inc., Ashland, OR).

Mitochondrial membrane depolarization assays {#S15}
--------------------------------------------

Adherent cells and non-adherent cells were collected and washed with PBS. Cells were then resuspended in PBS at a concentration of 1 × 10^6^ cells/mL and stained with 2 μM JC-1 at 37°C, 5% CO~2~ for 15 minutes. Cells were then washed once with PBS and analyzed by flow cytometry on the FACS Calibur (BD Biosciences). Data were analyzed using Flowjo software (Three Star, Inc.).

Quantitative reverse transcription-PCR {#S16}
--------------------------------------

Quantitative reverse transcription-PCR (qRT-PCR) was performed as previously described ([@R24]). The following primers were used: Bmf - forward, 5′-gaggtacagattgccgaaag-3′; Bmf - reverse, 5′-ttcaaagcaaggttgtgca-3′; Actin -- forward, 5′-tacctcatgaagatcctcacc-3′; Actin -- reverse, 5′-tttcgtggatgccacaggac-3′. Relative mRNA levels were calculated using the comparative Ct (ΔCt) method. Quantitation of mRNA levels relative to actin represents data from three independent experiments.

Long-term survival assay {#S17}
------------------------

Cells were transfected with the indicated siRNAs. After 72 hours, a representative plate was washed with PBS and stained for 25 minutes with crystal violet dissolved in buffered formalin solution (day 0). Stain was then washed gently with water and allowed to dry. Other plates were continuously treated with PLX4720 (5 μM) and stained after indicated time points. Images were taken of each plate, and cells were counted in five representative fields of view (20x).
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![Basal and PLX4720-induced FOXD3 expression in melanoma cell lines. (**a**) Total cell lysates from a panel of mutant B-RAF melanoma cell lines were analyzed by Western blotting using antibodies to FOXD3 and actin (loading control). (**b**) WM793 cells (low basal FOXD3) were treated with DMSO (−) or 5 μM PLX4720 for 24 hrs. WM793 cell lysates were analyzed alongside WM115 and 1205Lu cell lysates from basal conditions for FOXD3, phosphoERK1/2, ERK2, and actin. WM115, 1205Lu and A375 cells were treated with DMSO (−) or 5 μM PLX4720 for 24 hrs. Cell lysates were similarly analyzed by Western blotting.](nihms319711f1){#F1}

![Knockdown of FOXD3 increases cell death after acute treatment with PLX4720. (**a**) 1205Lu cells were transfected with non-targeting control siRNA or three distinct FOXD3 siRNA sequences (\#2, \#5, and \#18). After 72 hrs, fresh media containing either DMSO or 5 μM PLX4720 was added for an additional 24 hrs. Cell lysates were analyzed by Western blotting, as indicated. (**b**) Same as (**a**) except with WM115 cells. (**c**) Same as (**a**), except that cells were harvested and stained with Annexin V-APC for cell death analysis after 48 hrs of PLX4720 treatment. Representative traces are shown. X axis, fluorescence intensity; Y axis, cell counts, with percent of Annexin V-APC staining-positive cells indicated. Quantitation of data from three independent experiments is represented by the mean percentage of cells staining positive for Annexin V-APC. Error bars represent standard error. \*\*p value\<0.01 comparing PLX4720-treated, non-targeting control knockdown cells to PLX4720-treated FOXD3 knockdown cells based on unpaired Student t-test. (**d**) Same as (**c**), except that WM115 cells were analyzed.](nihms319711f2){#F2}

![FOXD3 expression protects cells from anoikis after PLX4720 treatment. (**a**) WM793 and WM115 cells were maintained on plates coated with 2% Bactoagar (Sus) or allowed to adhere to uncoated plates (Adh) −/+ 5 μM PLX4720. After 24 hrs, cells were lysed in sample buffer and analyzed by Western blotting, as indicated. (**b**) Same as (**a**) except that cells were harvested and stained with Annexin V-APC for cell death analysis after 48 hrs of PLX4720 treatment. Quantitation of data from three independent experiments is represented by the mean percentage of cells staining positive for Annexin V-APC. Error bars represent standard error. (**c**) WM793TR cells harboring doxycycline-inducible β-galactosidase (β-gal; LacZ) or FOXD3 were induced with 100 ng/mL doxycycline for 72 hrs. Cells were then detached and maintained on 2% Bactoagar −/+ 5 μM PLX4720 for a further 24 hrs. Cells were lysed and lysates analyzed by Western blotting. (**d**) Same as (**c**), except that cells were harvested and stained with Annexin V-APC after 48 hrs. Quantitation of data from three independent experiments is represented by the mean percentage of cells staining positive for Annexin V-APC. Error bars represent standard error. \*\*p value\<0.01 comparing PLX4720-treated cells in the absence and presence of doxycycline based on unpaired Student t-test.](nihms319711f3){#F3}

![Knockdown of FOXD3 increases mitochondrial membrane depolarization after PLX4720 treatment. (**a**) 1205Lu cells were transfected for 72 hrs with the indicated siRNAs and then treated with DMSO or PLX4720 (5 μM) for an additional 24 hrs. Cells were then harvested and stained with JC-1 for analysis of mitochondrial membrane depolarization. Scatter plots are representative of three independent experiments. X axis, JC-1; Y axis, R-Phycoerythrin, with percent of cells showing mitochondrial membrane depolarization indicated. (**b**) Same as (**a**), except WM115 cells were analyzed.](nihms319711f4){#F4}

![FOXD3 does not alter expression of Bim-EL and Bmf. (**a**) 1205Lu cells were transfected with the indicated siRNAs. After 72 hrs, fresh media containing either DMSO or 5 μM PLX4720 was added for indicated time points. Cell lysates were analyzed by Western blotting. (**b**) 1205Lu cells were transfected with control or FOXD3 siRNA\#2 for 72 hrs and then treated with DMSO or PLX4720 (5 μM) for an additional 24 hrs. Cells were harvested for total RNA isolation and qRT-PCR analysis for Bmf and actin (control). Quantitation of data from three independent experiments is represented as the mean relative mRNA level of Bmf in each condition.](nihms319711f5){#F5}

![Depletion of FOXD3 impairs long-term resistance to PLX4720. (**a**) 1205Lu cells were transfected with the indicated siRNAs. After 72 hrs, a representative plate of each siRNA was stained with crystal violet (day 0). The remaining plates were treated with 5 μM PLX4720. Media was changed every 48 hrs and fresh PLX4720 was added. Remaining plates were stained with crystal violet after 7, 14 and 28 days. (**b**) Quantitation of data from two independent experiments is represented by the mean percentage of cells per field of view. Error bars represent standard deviation.](nihms319711f6){#F6}
